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REPORT BRIEF 
6. O --HOUR NICKMr CADMIUM SPACECRAFP CEW 
MAlYUFAm BY GUIPOB IlBDUSTRIES 
WITH m N  PLA'lXs 
her: (a) National Aeronautics and Space Administration Purchase 
Order Number WE!-397 
(b) MASA ltr BRA/VB&/pd of 25 September 1961 W/BUWEPS f i r s t  
end FQ-1:WSK of 2 October 1961 t o  CO ETAD Crane 
(c) Preliminary Work Statement for  Battery Evaluation Program 
of 2 5 August 1961 
I. TESP A S S I G ~  BRIEF 
A. I n  compliance with references (a) and (b), evaluation of 
Gulton 6.0 ampere-hour secondary spacecraft c e l l s  was begun according 
t o  the prcgram outline of reference (c). 
B. The purpose of t h i s  acceptance t e s t  program is t o  insure 
t h a t  a l l  ce l l s  put i n t o  the l i f e  cycle program a re  of high qual i ty  
by the  removal of c e l l s  found t o  have electrolyte  leakage, internal  
1 ghorts, low capacity, or inab i l i t y  of any c e l l  t o  recover i t s  open 
c i rcu i t  voltage above 1.15 a f t e r  the  c e l l  short  t e s t .  
I C. Thirty c e l l s  were purchased frm Gulton Industries, Metuchen, 
Wew Jersey by National Aeronautics and Space Administration (WASA). 
These ce l l s  a re  rated a t  6.0 ampere-hours by the  manufacturer. 
II. Fummrs 
I A. The leak t e s t s  before and a f t e r  overcharge gave no evidence 
of leakage aruund the ceramic seals. Following overcharge, there 
w a s  evidence of a s l igh t  leak around the  fill tube on one ce l l .  
3. The capacity of the  ce l l s  ( t o  1.00 vo l t )  was i n  the  acceptable 
a n g e  of 6.66 t o  7.41 ampere-hours with an average of 6.96 for  three 
capacity checks. The high capacity occurred during the first capacity 
check; the low occurred during the second capacity check. 
C. The i r  ~ e r n a l  short  t e s t  shoved a l l  ce l l s ,  except (SN 900), 
t o  recover well above the  1.15 vol t  l i m i t ,  averaging 1.19 volts.  
I 
D. m e  in terna l  resistance of the 30 c e l l s  ranged fran 2.78 t o  
3.39 milliohms fo r  an average of 2.87 milliohms . 
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E. Discharge to 1.00 volt following overcharge results in 
capacities ranging from 6.00 to 6.81 ampere-hms for an average 
of 6.59 ampere-hours. Further discharging to 0.00 volts, prior to 
shorting, resulted in capacities ranging from 6.39 to 7.29 ampere- 
hours for an average of 7.10 ampere-hours. 
RESULTS OF ACCEPTANCE TESTS 
OF 
6.0 AMPERE- HOUR NICI(EE- SPrj,CECRAPT CELLS 
MANKFACTURED BY GULTON INDUSTRIES 
WITH GULTON PLATES 
I. INTRODUCTION 
A. On 23  Apri l  1970, acceptance t e s t s  were begun on 30 c e l l s .  
These t e s t s  were completed. on 27 May 1970. 
11. TEST CONDITIONS 
A. A l l  acceptance t e s t s  were performed a t  an ambient tempera- 
t u r e  between 23' C and 27" C a t  ex i s t ing  r e l a t i v e  humidity and 
atmospheric pressure, and consisted of t he  following: 
1. Physical Inspection: Weighing, Measuring and Phenolphthal~;.n 
Leak Test. 
2. Capacity Test. 
3. Cel l  Short Test. 
4. Leak Test. 
5. Overcharge Test. 
6. I n t e rna l  Resistance Measurement. 
7. Leak Test. 
B. A l l  charging and discharging was done a t  constant current  
(+5 percent) .  Cells  were charged i n  s e r i e s  but  discharged individ- 
ual ly .  
111. CELL IDENTIFICATION AND DESCRIPTION 
A. The ~ 6 . ~ 1 s  were iden t i f i ed  by t he  manufacturer's s e r i a l  numbers. 
However, the rz  were 2 c e l l s  out of the  30 t h a t  had t he  same s e r i a l  
number (914). One of these c e l l s  was a r b i t r a r i l y  i den t i f i ed  a s  
9 1 4 ~  by t h i s  a c t i v i t y .  The s e r i a l  numbers of t he  30 c e l l s  were from 
899 t o  934 although not consecutively. 
B. The c e l l s  were fu r ther  iden t i f i ed  by acceptance pack numbers 
assigned by t h i s  a c t i v i t y .  Cells  with s e r i a l  numbers 899 through 909 
made up pack D-3-0, S e r i a l  numbers 9x0 through 923 made up pack E-1-0. 
S e r i a l  numbers 9 4  through 934 made up pack E-2-0, Each pack contained 
LO c e l l s ,  
C. The 6.0 ampere-hour c e l l  i s  rectangular  with an average 
height (base t o  top of pos i t ive  terminal),  length and width of 
3.692, 0.827, 2.101 inches respectively.  The average weight i s  
284.2 grams. The individual  c e l l  dimensions and weight a r e  given 
i n  Table I, 
D. The c e l l  containers and covers a r e  made of s t a i n l e s s  s t e e l .  
Both terminals a r e  insula ted from the  c e l l  cover by a ceramic s e a l  
and protrude through t he  cover a s  solder type terminals. 
E. These c e l l s  were supplied. i n  a discharged condition. 
I V ,  !TEST PROCEDUHE AND RESULTS 
A,  Phenolphthalein Leak Test: 
1. The phenolphthalein leak t e s t  i s  a  determination of t he  
condition of t he  welds and ceramic s ea l s  on rece ip t  of t he  ce l l s .  
This t e s t  was performed p r i o r  t o  any other t e s t s ,  with a phenol- 
phthalein spray ind ica to r  solut ion of one-half of one percent concen- 
t r a t i on .  
2. This i n i t i a l  leak t e s t  indicated one c e l l  (SN 905) t o  have 
s l i g h t  leak a t  the  pos i t ive  terminal. Another c e l l  (SN 902) indicated 
a s l i g h t  leak a t  t h e  f i l l  tube. A t h i r d  c e l l  (SN 925) indicated a 
leak a t  the  f i l l  tube. However, none of these c e l l s  showed leaks 
on l a t e r  leak t e s t s .  Thus, e l e c t ro ly t e  contamination p r io r  t o  
shipment accounts f o r  such r e su l t s .  
B. Capacity Test: 
1. The capacity t e s t  i s  a determination of t h e  c e l l  capacity 
a t  t he  c/2 discharge r a t e ,  where c i s  t h e  manufacturer's r a t ed  
capacity t o  a cutoff  voltage of 1.00 vo l t  per c e l l .  The discharge 
was made a f t e r  a 1-hour open c i r c u i t  period ,following t he  16-hour 
charge a t  t h e  c/10 r a t e .  A t o t a l  of th ree  capacity checks was made 
a t  t h i s  a c t i v i t y .  The c e l l s  were discharged individual ly ,  but  were 
recharged i n  s e r i e s .  
2. l n e  individual  capaci t ies  t o  1.00 v o l t  ranged from 
6.66 t o  7.41 ampere-hours f o r  an average of 6.96 ampere-hours. The 
c e l l  capac i t i e s  a r e  tabula ted i n  Table I. Character is t ic  2-hour 
r a t e  discharge curves f o r  high, average, and low capacity c e l l s  a r e  
shown i n  Figure 1. 
C ,  Cell  Short Test:  
1, 'The c e l l  shor t  t e s t  2s a means of detect ing slight 
shor t ing conditions which may ex i s t  because of imperfections i n  t h e  
insu la t ing  materials ,  or  dama,ge "c element i n  hundllng or assembly. 
2. Following completion of t he  t h i r d  capacity discharge 
t e s t ,  each individual  c e l l  was I.oad.ed with a 0.5 ohm, 3 watt 
r e s i s t o r  and allowed t o  stand 16 hours with t he  r e s i s t o r  ac t ing  a s  a 
shor t ing device. A t  t he  end of 16 bows, t h e  r e s i s t o r s  were removed 
and the  c e l l s  were placed on open c i r c u i t  stand f o r  24 hours. Any 
c e l l  whose voltage d ig  not recover t o  9,15 v o l t s  or  higher was 
considered. a s  f a i l i n g  t h i s  port ion of the  acceptance t e s t .  
3. The open c i r c u i t  c e l l  voltage, 2'4 hours a f t e r  remaval of 
the  shor t ing r e s i s t o r s ,  ranged from 1-18 t o  l e 2 0  v o l t s  with one 
exception. Ce l l  9 0  gave a recovery voltage of only 0.40 vo l t s ,  
D. Leak Test : 
1, The leak  t e s t  i s  a means of detect ing leakage of a s e a l  
or  +reld. The t e s t  was perforr~~ed before znd a f t e r  the  overcharge 
t e s t  sequence t o  determine the  presence of leaks.  
2. The c e l l s  were placed 111 a vacuum chamber and exposed 
t o  a vacuum of 40 microns of mercury or l e s s  f o r  24 hours. %be c e l l s  
were then revnosed from the  vucum chamber and sprayed with phenol- 
phthalein,  Fa in t ly  pink areas were designa.ted a s  s l i gh t  Leakers , 
Darker, more obvious, discolorat4ons sf pink or red were noted a s  
de f i n i t e  leakers ,  
3. None of the  30 c e l l s  f a i l e d  t h i s  port ion of t e s t i n g ,  
E. h e r cha rge  Tes t :  
1. Tne p u ~ p a s e  of this test i s  ba s i ca l l y  threefold:  
a .  Tc? detc:rrninc t he  degree -l;o which a pack of c e l l s  
rnaintain a bal .tncec?. voCb7;%ge, 
b. To determine the  c e l l s  capab i l i ty  of reaching a 
point  of chemical equilibrium--%oxygen reconlbination with the  nega- 
t ine  (ca&i~j um) pla-i,e. 
c ,  Te t e s t  the  integrl- ty of .the s ea l s  a s  the  pressure 
increases.  
2,  The avercharge t e s t s  were performed t o  determine the  
s teady s t a t e  voltage at, spec i f i ed  ra tes .  The t e s t s p e c i f i e d  rr. 
s e r i e s  of constant current  charges a t  c/20, c/10 and c/5 r a t e s ,  
f o r  a minimum of 48 hours a t  each charge r a t e  or u n t i l  the  increase 
of t h e  "on charge" voltage was l e s s  than 1 0  mi l l i vo l t s  per day, 
3. The c e l l s  were monitored. hourly throughout the  t e s t .  
Charging was t o  be discontinued on c e l l s  which exceeded 1.50 vo l t s ,  
No c e l l s  were removed from the  cha,rging sequence, 
4. The steady s t a t e  voltage of each c e l l  a t  t he  end of 
each 48-hour charge r a t e  t e s t  i s  shown i n  Table I. Characteristic 
overcharge voltage curves f o r  high, average and low c e l l s  a r e  shown 
i n  Figure 2 ,  
5. No c e l l s  exceeded t h e  1.50 v o l t  l i m i t .  
F. I n t e rna l  Resistance Test : 
2. SmediateLy following the  overcharge t e s t ,  t h e  i n t e r n a l  
r es i s t ance  of each c e l l  was measured with a Hewlett-Packard milliohm- 
meter ( ~ o d e l  4 3 2 8 ~ ) .  
2. The i n t e rn s1  res i s t ance  f o r  each c e l l  i s  shown i n  
Table I, The res i s tance  values f o r  t he  30 c e l l s  range from 2.78 t o  
3.39 milliohms f o r  an average of 2.87 m i l l i o h s .  
G. Ieak Test: 
1, Following t h e  i n t e r n a l  r es i s t ance  measurements, the  
c e l l s  were s t i l l  i n  a cha,rged s taze ,  The c e l l s  were discharged a t  
c/2 t o  0,00 vo l t s  and shorted p r i o r  t o  t he  f i n a l  leak t e s t .  The 
capac i t i e s  .La 1-00 v o l t  and 0.00 vo l t s  a r e  shown f o r  each c e l l  i n  
Table I, The shorted c e l l s  were then :placed i n  a vacnwn chamber and 
t he  procedure Zescribed I n  paragraph IV.D.2 was repeated. 
2, Only one c e l l  (903) gave a s l i g h t  leak around t he  f i l l  
tube. 
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TABLE I (~on- t )  
CELL 
CAPPPCITf SHORT O~CKARGE OVERClEARGE 
TEST TEST 4 2 0  c/10 
(a, we > (voms ) (VOLTS) (KILTS) 
INTERNAL 
GVERCETARGE RESISTAECE 
c/5 msm (voms) MsLLIOHMs 
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(A.M.) 
CETS 'WIGKT E I G F P  LE31Gri"B KTIXlTI 
ITUNBFF, ( G F ~ S  ). (D~CKES) (INCHES) (EWHES) 
93-5 2 8 1 ~ ~ 1  3.709 0.830 2 . 1 ~ ~  
916 283.9 3.700 0.825 2,104 
,918 283.9 3.700 0.825 2.100 
A 
& P O  284.7 3.703 0.825 2=100 
923 284-0 3.635 0.825 2.102 
AVQ 28ha2 3-69 0 ~ 8 2 7  2.101 
If-Low eel' not  included i n  average 
COPY NO. 
1-6 
DISTRIBNlQ4 LISP 
National Aeronauti cs and Space A h i  n i s  t r a t i  on, Goddard 
Spa@ F l i g h t  Center (Mr. Thomas Mennigan, Code 756.2), 
Greenbelt, Mary1 and 20799 
Nat l  onal Aeronaut! cs and Space Admi n is  t r a t l o n  
(Mr, Ernst  M. Cohn, Code WdW), Washington, D. C. 20546 
I i a t i  onal Aeronautics and Space Admi n i s t r a t i  on 
(filr, A. ! I .  Greg Andrus , Code SAG), Washington, 5. C. 20546 
Nat ional  Aemnaul&ics and Space Administrat ion, S c i e n t i f j c  
and Technical Information Center: Input ,  P, 0. Box 33, 
Go7 l ege Park, Mary f and 20740 
National Aeronauti cs and Space Admi n is  t r a t i  on, 
( D r .  Steven 3. Glassman, Code a), Washington, 0. C. 20546 
I4ational Aemnau t i s  and Space Administration, Goddard 
Spa= F9i gh t Center ( M r .  Joseph She r fw  , Code 735) , 
Greenbelt , Mary land 20771 
Natf onal Aemnauti cs and Space Admi n i s  t r a t i o n  , Goddard 
Space F l i g h t  Center Gerald Ha1 pert ,  Code 735) , 
Greenbelt, Maryland 20777 
NatJ anal Aemnaut i cs  and Space Admi n i s t r a t i on ,  Goddard 
Space FSi ght  Center (Mr. Louis W i  1s on, Code 450) , 
Gwenbel t  , Maryland 20771 
#at% onal Aeronaut Scs and Space Admi n i s t r a t - i  on, Langley 
biesear~? Cer~ter (Mr. John L. Patterson, I%-472), 
Hanapton, V-i rg! n i  a 23365 
Nat! onits? Aemnaudi ss and Space Admi n i s  t r a t  i on, Langl ey 
Rese%r& Center (Mr. M. B. Seyfer t ,  16-112), Wampton, 
V% r ,i nia  23365 
1dat.i onal Aewnautics and Space Admi n i s t r a t i on ,  Lewis 
Ftesearch Center (Dr. Louis Rsse&lm, I~ t5  302-11, 
21000 Brsokpdrk Read, Cleveland, Ohio 441 35 
N a t l  snal A e m n a u t a " ~  and Space Adma' nls%a~at.l"on, bewfs 
Research Center (l'fr, Harvey Sckwar%z, 145 309-1) , 
21000 Bmskpark Road, Cleveland, Qhi  o 44135 
tiaLiaraaS AewnautS es and Space Arh i  nfs t s a t j on ,  L w l s  
Research Center (Gr, J, Stma& Fordyce, 1% 6-11 , 
21080 Bmokpark Road, CSeve.iand, Oh4 s 44135 
Natfonia'l Aemnautics and Spa= Admi nPstratf on, &orge C. 
OYlaehal l Space Fli gh t Center (Map, Charles B. Graff ,  
S&E-ASTR-EP) , I- lunbv i  19 e , f-alabama 3581 2 
NatS onal Aemnauti cs and Space Admi nis t ra t l  on, Manned 
Spacecraft Center (Code EP-5, Mr,  W .  E. Rice), 
Wous ton, Texas 77058 
Natl anal Aelsonituts'cs and Space Admi n i s t r a t  ion, Ams 
Research. Canter (Code PBS, M.S. 244-2, Hr. Jon 61, 
Rubenzer) , Moffett Field, California 94035 
i4at-i ona% Aemnauti s s  and Space Admi nls %ra t ion ,  Electmni cs 
Research Center (Code CPE, Dr. Sol G i  'lman) , 575 Technolog 
Squaw Canbt-i dge , Plassachusetts 021 39 
J e t  PmpuSsi an baboratosy (Mr, Paul Goldsmi th 6h, P4.S. 398-2231 , 
4800 Oak Grove Dri we, Pasadena, California 91103 
Jet  Pmgrdlsion Laboratow (Mr. A l v l  n A. Uchiyama, 
CI.S, 198-223) , 4N0 Oak Grove Br-i ve , Pasadena, 
Calfforoaia 91003 
Je t  Propu3s.i on L a b o r a L o ~  ( U r .  R.  Lutwack , M. S .  19a-220) , 
4800 Oak Gwve Drive,  Pasadeiaa, California 91103 
Com!naracbi ng General , U. S .  Ary! Elect ra Technolow Lab. , 
Enerw C o r s v e ~ i  on &sear& @i vSs i on (iERDC) , 
For.% Belvoi r, VS rgi nia 22060 
Cmrfiand.lng &~eraS , U. S. Amy Electmnics  RlhD Labs, 
(R4SEt-KL-P) , Fort Monmouttl , New d e ~ e ~  07703 
Co~mandi ng Cenetial , U .  S. A B * E ~  E ' lectmnl cs Command 
( PMr Zt.-14&-~~~~lP-TB- 2, !.IF, M. F r i  nk) , Fort !<lonniou%h ,
I J5r'sey 37703 
Vci, S ,  A>n-*ny '(at "ick Laboratrzri es , C loth%' ng and Organic 
Ffat.eri als DSv-n'sSasn ( E \ ~ P ,  Leo A. Spano) , Natlck, 
i"/Iass;8&~ic,~%J;s 01762 
Hary ili dmond b&oratskri ea (Islr, Natharl Kapl an) , Rmm 300, 
budlding 32, Connecticut Avenue and Van Ness Strieet, N,M., 
kd~xhfng"s,ean, 0 ,  C, 20338 
Ch-6e-k' o f  Fiaval 9eksearch ( D i t ~ c t c ~ r ,  Pwer Program, Code 
4731, Navy aepar-tment, kddshington.  5, C, 20360 
Chief o f  Milaial Researcia [ G s d ~ ?  472,  Mr. t i a r u  Fox) , 
Navy Department ikiash,i ftgtan, D, 6. 20360 
Diwctar, Fiaval Research Lrabor~~deuyy (Code 6160, Dr. 3.  C .  
k9hi t e )  , 4555 Overlocalc, Aveiitae , S,W,, Washington, 9 ,  C ,  20360 
Off1 c e r  4 n Charge, Avsrtapol i s  Dr'vision, !lava1 Ship  Research 
and Develoipn~ent Center (Code M760, $Ire J ,  I-i. Harrisosa) , 
Annapol is  , Illat-yl and 21 402 
Commander, I-lava l A-i r Sys 1,erns Command (Code A 1  R-348C, 
Mr. M l  1 ton Knjght)  , Departmaen% o f  t he  Yayy, 
Washington, D, F1" 20360 
Cmmaaz,d%"rag Off1 cer, r??isial Weapor~s Center, Corsna 
Latsoracori es (Code 441 , bk, Wi 11 .i am 6. Spi nd le r )  , 
Comca, Gal 4 far114 a 5 9 720 
Ccrmautder, ii. S .  Z\Baval Ordnance Laboratory \White Oak 
(Code 232, hlr, P h i l i p  8, t ~ l c ) ,  S " n " ~ r  S p r i n g ,  
Maty%and 20910 
Commander, idawal Sir Qu EnyI  neering Center (Code 61 5713, 
Fir* 6 ,  F- i i ig lcs t t f ) ,  W ~ h i n g t o n ,  13, C .  20368 
S u p e ~ i n t e n d e n t  , !$lava? Observatory ((6dde STIC, i4r. Robert E. 
Trt~Aulc , 8d-i l d i n g  52) , 34th and r ~ l a s s a d ~ u s e t t s  Avenue, N.W. , 
Washlnq~-~t i~,  D,  C ,  20390 
-. # 
~miimtln:icr, ! taval ~ I E ?  p Sys %em Command (Code SHIP-03422, 
Mr, l, .rnard B e  2oserrbazi~), Depabp.B;ment o f  the F\Iawly, 
Elfasb,nql;on, ( 3 ,  C, 20360 
ilepartixrrt o f  +he A5 r Fcaqce I l e a d q u a r t e ~  Aem Pmpuls ion 
Liaborctor:~ (WIP-1 , PI\-, Jailes E ,  Copper) , Wright- 
Pa$%e,%isn A i  r Fognee Est~se, i3hi o 45433 
AI P Force Car!L"~ra drqe Keseawch b & o r a t o ~  (CRE, Mr. Francis 
X, Dahei-tj~ an4 blr, Fdaarci Zask,.n"t-rd, k-dlatg $ 1 ,  &, G ,  Hanscm 
F le ld ,  Bedford, %i%assat;lruse~h 01931 
Rome Air Development Center (Mr. Frank J. Moll ura, Code 
EMEAM) , Gri f f i  ss Ai r Force Base , New Y ork 13442 
Nati onal Bureau of Standards (Dr. W .  J. Hamer) , 
Washington, D. C. 20234 
Di rector,  Defense Documentation Center, Cameron Station, 
Alexandria, Vi rgi nia 2231 4 
Aerospace Corporati on ( Li brary Acclui si t i  on Group) , 
P. 0. Box 95085, Los Angeles , Call forni a 90045 
Ameri can Cyanami d Company (Dr. R. A. Haldeman) , 1937 W. 
Mai n Street ,  Stamford, Connecticut 06902 
AMF, Inc. (Mr. R. A. Knight), 689 Hope St ree t ,  
Stamford, Connecticut 06907 
American University, Chemistry Department (Dr. R. T. 
Foley) , Massachusetts and Nebraska Avenues, N.W. , 
Washington, U. C.  20016 
Atomi cs International Di vision, North Anleri can Avi a t  ion, 
Inc. (Dr. H. L. Recht) , 8900 OeSota Avenue, Canoga Park, 
Cali forni a 91304 
Autonetics Division, [JAR (Mr. F. F. Fogle , GF 16), 
P. 0. Box 41 81 , Anaheim, California 92803 
Battel le  Memorial Inst i tute  (Dr. C. L .  Faust), 505 King 
Avenue, Columbus , Ohi o 4320 1 
Bellcomm, Inc. (Mr. B. W. Moss), 955 L'Enfant Plaza 
I4orth , S.W. , Washington, D. C.  20024 
Bell Laboratories (Mr. D. 0. Feder), Murray Hi l l ,  
New Jersey 07974 
Dr. Carl Berger, 13401 Kootenay Drive, Santa Ana, 
Ca' i forni a 92705 
The Boeing Company (Mr. Sidney Gross, 2-7814, l-5 85-86) 
P. 0. Box 3999, Seat t le ,  Washington 98124 
Burgess Battery Company (Dr. Hward 3. Strauss) ,  Foot 
of Exchange Street ,  Freeport, I l l inois  61032 
C & B B a t t e r i e s ,  D i  v-isi on o f  E l e c t r i  c Auto1 i t e  Company 
(Dr.  Eugene C J i  11 ihnganz) , Conshohocken, 
Pennsylvania 99428 
C a l v i n  Col lege (Pro f .  T. P. Di rkse)  , 3175 Bur ton  
S t ree t ,  S. E., Grand Rapids, Michigan 49506 
C a t a l y s t  Research Corporat ion (Dr. H. Go1 dsmi t h )  , 
6101 Fa1 1s Road, Bal t in iore, Maryland 21 209 
Communications S a t e l l i t e  Corporat ion (Mr. Robert Strauss) ,  
1835 K S t ree t ,  lil. W. , Washington, D. C. 20036 
G. & W .  H. Corson, I n c .  (Dr .  L. 3. Minnick) , Plymouth 
kleeting, Pennsylvania 19462 
Cubic Corporat ion ( L i b r a r i a n )  , 9233 l jalboa Avenue, 
San Diego, C a l i f o r n i a  92123 
[)elco-Remy Di v i  s i  on, General Motors Corporat i  on 
( M r .  3. A. Ke ra l l a ) ,  2401 Columbus Avenue, Anderson, 
Indiana 46071 
Eagle-Picher I ndus t r i es ,  I n c .  (Mr. E. P. B r o g l i o )  , 
P. 0. Box 47, Jop l i n ,  14issouri 64801 
E . I . du Pont Nemours and Company , Engi neer i  ng Eiateri a1 s 
Laboratory,  Experimental S ta t i on ,  Bui l d i  ng 304, (Itlr . J. M. 
W i  l l i a n s )  , W i  lmington, Delaware 19838 
ESB, I n c .  ( D i r e c t o r  o f  Engineer ing) ,  P. 0. Box 11097, 
Raleigh , North Cam1 i na 27604 
ESB, Inc.,  Carl  F. Norberg Research Center (Dr. R. A. 
Schaefer),  19 West College Avenue, Yardley, 
Pennsy 1 vani a 19067 
Electrochimi  ca Corporat i  on (Dr. r4orris Eisenberg) , 
1140 O 'Br ien  Drive, Pienlo Park, C a l i f o r n i a  94025 
E l e c t  romi t e  Corporat ion (Mr. R. t i .  Sparks) , 21 17 South 
Anne S t ree t ,  Santa Ana, C a l i f o r n i a  92704 
Enhart Corporat ion (Dr, W, P. Cadogan) , Box 1620, 
H a r t f o r d ,  Connecticut 06102 
Energeti cs Science,  IInc. , 4461 Bronx Boulevard, 
New York, New York 10470 
Or, Arthur Fleischer,  466 South Center S t r e e t ,  Orange, 
New Jersey 07050 
General E lec t r i c  Company, Research and Development Center 
(Dr, R. C. Osthoff) ,  P. 0. Box 43, Schenectady , 
PIew Yo rk 1 230 1 
General E lec t r i c  Company, Spacecraft Department 
(Mr. K .  L .  Hanson, Room M-2614) , P. 0. Box 8555, 
Philadelphia,  Pennsylvania 19101 
General E lec t r i c  Company, Battery Business Section (Mr. W .  H. Roberts). P. 0. Box 114, Gainesvil le ,  
Flo ri da 3260 1 
General E lec t r i c  Company ( Idh i  tney Library),  P. 0. Box 8, 
Schenectady , New Y ork 12301 
Globe-Union, Incorporated (Dr. Eugene Y .  Weissinan) , 
P.  0. Box 591, Milwaukee, Wisconsin 53201 
Gou1d Ionies , Inc, (Dr. J .  E .  Oxley) , P. 0. Box 1377, 
Canoga Park, Cal i f o rn i a  97304 
Grumman A i  r c r a f t  Engi neeri ng Corporation, AAP Project- 
Future PIlissi ons (Mr. J .  S. Caraceni , Plant 25) ,  Bethpage , 
Long Island,  iJew York 11794 
Gulton Indus t r i es ,  Alkaline Battery Division (Dr. H .  N. 
Se ige r ) ,  1 Gulton S t r e e t ,  Metuchen, New Jersey 08840 
Honeywell , Incorporated, Ll vi ngs ton Electronic Laboratory 
( L i b r a ~ )  , Montgomewvi l l e ,  Pennsylvania 18936 
Dr. P. L .  t iward,  Centrevi I l e ,  Maryland 21617 
I-lur,les Ai r c r a f t  Corporation (Mr. M. E. Ell ion,  81dg. 366, 
M.S. 524) , El Segundo, Cal i fornia  90245 
IT7 Research I n s t i t u t e  (Dr. H.  T .  Francis) ,  10 West 35th 
Str"ee%, Chicago, I l ' l inois  60616 
Idaho S t a t e  University , Departmnt of Chemistry 
(Dr. G. Mymn Arcand), Pocatel lo,  Idaho 82301 
Ins ti t u t e  f o r  Defense Analyses (Clr. R. Hami 1 ton) , 
400 Am[y-~iavy Dri ve , Arl ington, Vi rgi n i  a 22202 
Ins ti t d t e  f o r  Defense Analyses (Dr. K. Bri celand) , 
400 Army-Navy Drive, Arl i ngton, V i  rgi n ia  22202 
Internat i  onal Ni ckel Conipany (Mr. Wi 11 i am C.  Mearns) , 
1000-16th S t r e e t ,  N.W., Washington, D. C. 20036 
Johns t-lopkins University, Applied Physics Lmoratory 
(Mr. Richard E. Evans), 8621 Georgia Avenue, S i l v e r  
Spring , Mary l and 20910 
Leesona Floos Laboratories (Dr. A. Moos), Lake Success 
Park, Community Dri ve , Great Neck, /.ten York 11021 
Arthur D. L i t t l e ,  Incorporated (Dr. James D. B i  r k e t t )  , 
Acorn Park, Cab r idge ,  Massachusetts 02140 
Lockheed Missiles and Space Company (Mr. Robert E. Corbett,  
Dept. 62-14, Bldg. 154) , P. 0.  Box 504, Sunnyvale, 
California 94088 
Mallory Battery Company (:blr. R. R. Clune) , So. Broadway and 
Sunnyside Lane, Tarrytown, New York 10591 
P. R.  Elallory and Co., Inc. (Dr. Per Bro),  Northwest 
Industr ial  Park, Burlington, IYlassachusetts 01801 
P. R. Mallory and Co., Inc. (Technical Librarian) , 
3029 E. Washington S t r e e t ,  Indianapolis ,  Indiana 46206 
l~larathon Battery Company (Mr. Lou Eelove), P. 0. Box 247, 
Cold Spring, New York 10516 
Marti n-Mari e t t a  Corporati on (Mr. Wi 1 l i  am B .  Coil ins , 
M.S. 1620 and Mr. PI. S. Imamura, M.S. 884O), 
P. 0. Box 179, Denver, Colorado 80201 
Mci'onnell Douglas, Inc. (Etlr. A. D. Tonell i , 7C), 
3000 Ocean Park Boulevard, Santa Monica, Cali fornia  90406 
McDonnell Douglas, Inc.,  As tropower Laboratory (Dr. George 
Moe) , 21 21 Campus Drive , Newport Beach, Cal i forni  a 92663 
North Anterican Rockwell Corporati on, Rocketdyne D i  v i  s i  on 
(Library) , 6633 Canoga Avenue, Canoga Park, Cal i forni  a 91304 
P h i  lco-Ford Corporation, Space Power and Propulsion 
Department (Mr. D. C .  Briggs, M.S. W-49), 3825 Fabian 
Way, Palo Alto, Cal i fornia  94303 
Portable P w e r  Sources Corporation (Mr. Leon Schulman) , 
166 Pennsylvania Avenue, M t .  Vernon, Hew York 10552 
P w e r  Information Center, University C i  ty Science 
I n s t i t u t e ,  Room 2107, 3401 ilarket S t r e e t ,  Philadelphia,  
Pennsylvania 19104 
Prime Battery Corporati on, 15600 Cornet S t  w e t ,  
Santa Fe Springs,  Cal i fornia  90670 
RAI Research Corporati on, 36-40 37th S t r e e t ,  Long Island 
Ci ty ,  New York 11101 
Southwest Research Ins t i  t u t e  (Library) , 8500 Culebra 
Road, San Antonio, Texas 78206 ' 
Stanford Research I n s t i t u t e  (Dr. F r i t z  R. Kalhammer) , 
820 Mission S t r e e t ,  South Pasadena, Cal i fornia  91030 
Texas Ins trurnents , Inc. ,  Metals and Controls Di v i  si on 
(Dr. E. J .  J o s t  and Dr. J.  W .  Ross), 34 Forest S t r ee t ,  
R t t l ebom,  Massachusetts 02703 
TWJ Systems, Inc. (Dr. W .  R. Sco t t ,  M 212154) , 
One Space Park, Redondo Beach , Cali fornia  90278 
TRW Systems, Inc. (Dr. Herbert P. Silverman, R-1/2094), 
One Space Park, Redondo Beach, Cal i fornia  90278 
TW, Inc. (Librari  an) , 23555 Eucli d Avenue, Cleveland, 
Ohio 44117 
Tyco Laboratories,  Inc. (Dr. A. C. Makrides), Bear H i l l ,  
Iii ckory Drive , Wal tham, :4assachusetts 02154 
Un"n Carbide Corporati on, Oevelopment Laboratory 
Library,  P. 0. Box 5056, Cleveland, Ohio 44101 
Union Carbide Corporati on, Consumer Products Division 
(Dr. Robert Powers) , P. 0. Box 6166, Cleveland, 
Ohio 44101 
137 University of Pennsylvania, Electrochemistry Laboratory 
(Prof.  John O ' M .  Bockris) , Phi ladel phi a ,  
Pennsylvania 19104 
138 Wes ti nghouse Elec t r i c  Corporation, Research and 
Development Center (Dr. C .  C. Hein, Contract Aclmin.), 
Churchi 11 Borough, P i  t tsburg , Pennsylvania 15235 
139 Whi t t a k e r  Corporati on, Pm~er  Sources D i  vi  s i on 
(I4r. J .  W .  ~ e i t e r ) ,  3350 Olive S t r e e t ,  Denver, 
Colorado 80237 
